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(54) A PROCESS FOR PREPARING AN ALTEEUSTATING 
COPOLYMER OF AN ^r-OLEFIN AND A CONJUGATED 

DIE^JE 



(71) We, MARUZBN PEFHRO-. 
CHEMIQAL CO., LTD., a Japanese cor- 
porate bod.y> of 25 — >10, Haxx!h»»-bodi 2- 
chomc, Ghuo-ku, Tokyo, Jaipan, dio 'hereby 
5 dtxJare the invention;, for which we pray thait 
a patent may be grantel tso us, and. tte mejchod' 
by which it is to peif<3(r!mfid, 130 -be pandcii- 
larly described oa and: by tihe foliwving scace- 
zncnt: — 

10 The present iiwenitiDit relates to a process 
for preparing an ahfimaninig cxipolymor of an 
<r-olefin havintg lihe geaeral fomuiLa of 
CHsCHR wherein R a-epresentis a Q — C12 
hydrocarbon radiiioai iseleoted firom tihe group 

15 consisttng of alkyl, cyoloailikyl, aryl anid 
araUcyl radicals and a C4 — C12 conjugated 
diene and a novel aLtemiaiing copoiymEir of a 
C. — Cj2 coDijisgaiCQd diioie ^idi saird iaH3iLe£n'. 
In order to obtainD naw andi usefizt syn- 

20 thedc elastonieirs^ many aftnmiipts iiaive been 
made ix> prodixce an altemating copioiymer of 
a conjugaitBd' dtene andl lasx KXHoieffin. Howenrer, 
-die coi)olyiiieii±5aMm reacdkm (is 'veiy <lfficu!Lt 
and, in genenaU iit m not easy to pitoduce: enrexi 

25 a random capodymer of amjvrgatedl diieae and 
«r-oleGn tyy an ionic cataiLyst. 

For examiple, BeHgkn Patent 5^46,150 re- 
ports a process for prejpairinig an amorphous 
copolymei* of buitadiiicne and an ia*okifin hav- 

30 ing more Jthan 3 oanbaD: aitoois by tusang a cata- 
lyst system of triailkylalimiin'um and titianiLum 
tccrachioride at 50°C The copolymer was 
determined to be amoitplious frimi tibear X- 
ray measurements. The chemiical configuration 

35 of the copolymer is not Btereospecdfic. On the 
other band, for <examp(Ee, lan iiiternaftning; a>- 



polymer of butiadiene and px^opyleoe lis aUso 
shown to be amoirpbaus fnom aits X-fay spec- 
.trum. at lOom tempetature, ibuic dt is -a steroo- 
tlpeoiifLC copolymer and uiiieireifore it can crystal- 40 
Ia!ze otni stretchang or xxx coodiibg. 

British Patent l,Q26ji6ll!5 claaims a process 
for prepasring a tandom copolymer of buita- 
diiene isA ippopyleae tby tfoaming a oatalyiSC 
system of trijalt^lalimiiintiim and idtaaiium 45 
tetrachloitide in ^ 'presence of propylene, and 
then adding butadiiane to the caicalysn: system. 
Accoxdiing .to the patent, lihe priopyleoje oontent 
of the copolymer wasr mutch hiigher than that 
of the copolymer prepami by 'the catalyst 50 
system formed in die labseiroe of piropylene. 
The patent ailiso diesciuibes liiat anoilysiis has 
shown that the copolymer oibcained is a lan^ 
dom oopoiymeir ajxd xKOit block copoiymca', but 
there are ^otwn iio "ocpeaimmtal resuilfCs •wMdi 55 
siq)pQrt the assumpitiossL 

British Paitent 'lv^>^30 diows a ptxxoess 
for prspadxLg ai inibibery raadomi ccpolt^ner 
of buta&aie ontd propylesie of hiigjh xnokcuikir 
we^hti winhi hdigh coatmt of piropylesie by uamg 60 
a ihiree camponeiiiGs cataiLysit S3^e!m cornsfistrng 
of tripilii^J'a'^^Tm''™"*^ diodikie aoid a compound 
having the general foamuift of TjiIB(rnQL.i-a 
wherein ni is zero ocr am integer of 1= to 4. 
The maicroscruDtiujre: of butadiiiene tEnLt and: the 65 
content of propylene miilt in the copolymer 
aje shown in the patent. Biat dhere aie shxxwn 
no experimental resiihs which support the 
assumptrom that' the copolymer should be a 
random copolymer of butada.'ene andl prapyleae. 70 
A random copolymer of butadiene and 
propylene was also prepaired by tisibg <a cata^- 
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lyst system cmasting of tiieifeyialiiniiniim, 
titanium tefiradhloride and. palypscapyiette 
osside. P0lyprapylene oxide was veed as a 
randomizen: aad a copoljmiear of butadiene aiid 

5 prcfpyleae panepared by the catalyst sysDeant of 
triethylaluniinimi and titaniuin tetrachloride 
was shown to be block type from the results 
of oxidaitive decompossLtion reactton; of the 
copo-lymer (Paper presented at 2nd Sym- 

10 pO'jium on Polymer Synthesis, Totkyo. Octo- 
ber 5, 1968, The Sodety of Polymeir Sd-eace, 
Japan). 

At any rate^ aE of the methods dsescribed 
above idate to the m£{Chods foor prqparinig a 

15 nonstercospecific or atactic copolymer. Ort the 
other hand, an altcnmtiiig copolymer is sDem>- 
spedfic and therefore these methods aie not 
peronent to the process of this invention. 
Recently, Fumikawa, et. al. reported a pro- 

20 cess for preparing an alternatmg oopolymjer of 
butadiene and an cK-oHefia by iismg 
vanadyl (V) cMorMe — diethyMuminiun mono^- 
chlorida — ^triethyiaiuminuni catalyst system 
(22nd Annual Mcjctinig of Japan 

25 QheiTiffiEgii Sodety, Tokyo, March 31, 
1969; J. Polymer Scd., S7, 671 
(1969). 

The methods far pispajing an s^xemasang 
copolymer of butadsene and. an KK-olefin by 

30 tismg an organoaltnximixm. cfompound-— van- 
adium (IV) chloride oir vanadium (V) cxy- 
diloride--oirgamc perocsdde or dhromium (VI) 
oxycHodde catalyst system (Bdtish Paiteat 
1297165), an organoaliinmiimi compound — a 

35 vanadium compound having no vanadium- 
halogen linkage— a halogen compound catalyst 
system (British Patent 12^6998; J. Polymer 
Sckaoe, B7, 613 (1969)) and ami oigano- 
aluminum compound — ^a vanadium compound 

40 having vanadiiim-haiogen. linkage — a. com- 
pound having M — OR (M is an atom whose 
eieotranegativdty is less than 2.2 and R is a 
hydrocarbon radical) linkage catalyst system 
(British Patent 1304Q3'8) ware ail proposecJ by 

45 us previously. 

In short, the catalyst systems for aitcmat- 
ing copolymerization deacribed above employ 
an organoialuminum compound and a vanadium 
compound as indispensable dements of the 

50 catalyst systems. The miorostrucrtuire of bata- 
diene undts in the aitemating copolymer of 
butadiene and an ice-olefin prep^aired by these 
catalyst systems -was almost all .l!riaiis^^l,4-oon- 
figuratioa, occasionally involvHig minor 

55 amounts of 1,2-coiifiguratioa. 

On the Other hand, liie mast rocenitiy, we 
proposed tihe process for pirepaiing an alter- 
nating copolymer of butadiene and an €f 
olefin by using the (three components catalyst 

60 system of an organoaluminmn ccmrpound 
tiitaziium tetrahalide and a caxbonyl 
group contaming compound^ (Bxidsh 
Patent 1310943). The alternating oo^ 
polynwir prepared by this catalyst system con- 

65 tams considerable amouots of ds^l,4-con- 



figmation butadoene: vsa^ occasiooailly involv- 
ing minor amounits of ci5-^l,2-oonfiguiratiio(ii 
and moreover modecuiar we^giht of lihe ator- 
nating copolymer is remaikaibly h^gjiep than 
that of the one propairad by the ot^Eaajo- 70 
aluminum-vanadium compomid type caitalyst 
system described above. 

Accordingly, an object of the pflasenit in- 
vention is TO provide a process for prepar- 
ing an alternating copolymer of a oonjuigated 75 
diene and an <K-olefin having a hagji moleciilar 
wdght in a good yield. 

It is a fmllher object of liiis invention to 
provide a catalyst system giving saM ha^ 
molecular wdght altematiog copolymer of a 80 
conjugated diene and an loKyle&n: in a good 
yidd. 

It is a stiill further object of this inventian 
to provide an aitemating capolymer of a 
C--— Ci2 conjugated daene and an .a-oilefin faav- 85 
ing the general formula of GH2=GHER where- 
m R represents a Ci — hydrocarbon radical 
sdected from alkyl, cydoalkyl, aryl and 
aralkyl radicaiLs. 

In accordance with !dias invention, we have 90 
found that a high molecular wedght aikernat- 
ing copolymer of a conjugated <£e33e and an 
tt-oldfin can be produced in a good yadd by 
using a catalyse system oompdaing as a Brst 
componenit an organoaluraintmi oompoimd hav- 95 
ing the geaeral formula of AIR3 wlherem R 
represents a hydrocarbon iiaddcal sdected from 
a Q — C12, praFerably Ci — Cg, and more pre- 
ferably ailg4, cydoalkyi, aiyl and 
airaJkyl radicals, as a second component an loO 
odganic titaxiium compound; having idie 



TiX( 



(R is the same one as dcscmbed above and X 
is halogen) structure in the molecule, and 
optionaiEy as a third component a halogen, a 105 
halogen compoomd (other than the second com- 
ponmt) or a mixture thereof. 

The aitemating copolymers of this inven- 
tion are rubber-like in character and can^ be 
used as (polymeric plastidzers, in adhesives 110 
and can be vulcanized wditlh suilfur or a sulfur 
compound to produce vuloanized elastomers. 

The oaganoaluminum compounds whidi 
form the first componenit of the caicaiyst sys- 
tem used in .this invention are defined by ihe 115 
formula AIR, wherein R as a hydrocaibon 
radical selected from a Gi— Ci2> preferably 
Q — Cbj and more preferably Qr— ^6>^^yt 
cydoaliyl, aryl and araJkyl radicals. Afctures 
of these organoaluminum compounds may alsa 120 
be employoL Specific examples of compounds 
represenEtsed by the formula include tmimediyl- 
aluminum^ trietiiyMumimjum, tri-n-propyl- 
aihrawnum, triiscjpropyMuniinum, tiri-n--biityl- 
almninum, triisobuiiylalumiinum, tripentyl- 125 
aluminum, trihexyMtmmniim, isiicydolheicyl- 
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almnimnn, tri<K:tyl-ailmiiiiiiim, tirirpheniyl- 
alimiBum, tri-ip-tolyMummum, tritenzyl- 
Miiminum, cdiyldaphmylakirim etlliyl di- 
pwix)ilyMun[iiiiniim, echyi dlLbaizyMtHZidrnxai^ di- 
ethylphcnyMuimiijmmiy diediijd-p-^lyMii^^ 
aod dxsthyl benzyMumimmi. Aixacores of 
ihese comxKJiniida may also be emiployed!. Of 
ihese^ it is usuailly pireleived to eanpdoy ni- 
aJkyMiBtsdniiiii compoiiEnids. 

The organac dikaimjini csotmpouxids h'aving 
the 



15 



20 



25 



TiX« 



(R is a hydrocaiiboii radical seiesctedi from 
Ci — Ci2j pi^erably Ci — Cg, and more pre- 
fevsMy Q, dkyl, cydkxaMcyl^ laryl and 
araikyl radicals aiKi X js halogen;) scructure 
in ^tihe miodieouie and f Ofrming die secooad com- 
pcment of the catalyst system, of ibas inven- 
tioa; by no means lismtiiiiig, aire compounds 
shown by tihe geaasrsl fomiidae of 



O 

TiXo(o4R)2, 
O 

TdiXt<OCR), 
O 

C>[TiX2(0i!!}R)]2, 

O 

II 

0[TaX<OOR>2]2, 

O 

II 

TiX<OR)— ('0'CIR)2 



gen, a halogen comipoamd or a miLxiDure there- 35 
of can 'be used* as the second component 
of the catalyst of tMs nwflntiaa, 
providied. that said orgaok: atamum: com- 
pound cam react wsch haliogcn^ said haloigen 
csompoamd or lihe mixmire: it^etreof m produce 40 
an oirgamc 'tKCaioiuim ^ssxLpQiisicf fiaiv^i§ 



30 



O 



TiX( 



stmictuse^ m situ. Examples of such 
O 

stmcture con'caining camponmds, by no means 45 
Mmdjtiiinig, aire >the compounds siioiwn by tiie 
general f omnila? 



O 

II 

Ti(OGRX, 
O 

0[Ti(OGR)3]2, 
O 

Td(QR)3(0'GR), 
O 

Ti(OR)2<DCR)2, 
O 

Ti(OR)(|Oc!3R)3, 
O 

TiOCol!}R)2, 



50 



and 




55 



TiX(OR)2(OaR), 

and miKtures diereof . 

A mmture of argainc litamum compound 
havimg the 



TiOOR 

(R is as defined aibove) -strucituare and hav^og 
no Th — iinfcage m die molecule and halo- 



Escamples of R raidicals employed in the above 
organic titanium compoundis are;, by no means 
iMnLtmg, methyl, ediyl, n-propyl^ isopropyl, n- 
buityl, dsobutyl, tert-buftyl, pentyl, bexyl, cyclo- 
hexyl, oatyl, phenyl, pt-tolyl and benzyl. 

Th& halogen compomidis whiiidh f oim the 
opiiiotnal "dhard componeat of tfae catiaiyst sys- 
tem of thffis aiovGntkm and aire also iiised as die 
halogen sousce for transfoimmg die com- 
poumls having 



60 



65 



nnnin- <or isaiptra i > 



1,34U75 



CH.=GEIR 



TiOCR 



structure to the second component of the 
catalyst system are exemplified by compounds 
showing Lewis acid propetrty such as com.- 

5 pounds of the general formulae> VX^ (X is 
halogen heraiaaJjter the same), VOX^, WX^ 
MoX„ CrOoXo, ZrX^, FeX^, BX^, PX^, 
SnX^, SbX^, AlOX^, AIX^, Cu^Xa, MnX,, 
MgXa, ZnXa, HgXs, BiXs and NiXs^s Leiwis 

10 bases oomples: ccmpounds of the above 
mmtioned lhailogea compoimds siiowiag Lewis 
add Xttopeirty snch as compounds of die 
general fomuiiae 

15 BX3.(XC2H^)2, 
VDXs.OCQH^)^, 

NiXs.Py (Py itpresents pymdane) and 
HgXg.Py; or^aiic alimiinum compounds hav- 

20 ing an Ai — X linkage such as compounds of 
Al(OR)bX3^ (n is a number from 1 to 2 
and R is as defined above) and AlRaX^j-^a (p- 
is a nimiber from 1 to 2 and R is as defined 
above); organic transicion metal compounds 

25 having transition metal — ^X linkage such as 
compounds of the general fonnxilae 
OV((>R)aXj^ (n is a number from 1 to 2), 
Ti(OR)^X4_Hn (n is a number from 1 to 3), 
Zr(OR)oX., Zt(OR%X, OV{QHt02)3X^ (n 

30 is a number from 1 to 2), VCG^H^^^X^^ (n is 
a numbear from 1 to 2), V{Crfl-i)2Xy 
OV(QH5)X2, Ti(QH5):,X, 'mC,'iis)X^, 
Ti(QH,)aX,, (C,H.)Td(OR)X., (QHJ.CrX, 
(QH,)MoCCQ)3X and (C^,%lrX^; acid 

35 hahde; con^pounds having the general formula 
of 



>G=0; 



the halogeoated alfcane campounds tert-butyl 
halide, sec-butyl faalide and carbon tetra- 

40 halide, or mixtures thereof. 

In the prefer re d embodimeniC -the molar 
ratio of organoahmmium compouiid which 
f omis the first componait of «die cataljrst sys- 
tem of the present flnvendon: iCo oirsanic 

45 titaniimi ccHiipouml which forms the second 
companent of the catalyst systjcm shnuld! be 
in the range of 200 to 1 <20a>Al/Ti>l), 
the optimum ratios will be found between 100 
and 2 C100>A1/Ti>2). 

50 In ihe 5>r£feirred embodiment, the atomic 
ratio of titaniium atom on the catalyst s^rstem 
of die present invention to halogen aitom tin the 
catalyst system should be m the range of 0.01 
to 20 (0.01<Ti/X<20), the optimum ratios 

55 will be found between 0.02 and 10 
(0.02<Ti/X<10). 

The ^-olefin used in this invention is one 
having the general formula: 



wherein R is a hydrocarbon radical setoed 60 
from a Ci— Ci2> preferably Q—Cs, and mxwe 
preferably Ci— Cc, alkyl, cycloalkyi, aryl and 
aralkyi raxJical. Specific examples of com- 
pounds lepresenited by the formula include 
propylene, burene-l> penteae-1, 4-mediyl- 65 
pentene-l, hexene-1, 4^efdiyl-hexeae-l, 5- 
methyl~hexene-l, heptene-l, 5-methyl- 
heptene-l, octene-1, decene-1, vinylcydo- 
hcxane, 4-methyl-l-vinylcyclohexane and 
styrene. Mixtures of these la-olefin monomers 70 
may also be employed. 

The conjug^t^ dienes to be used in the 
present inventdon have from 4 to 12 carbon 
atoms, and typical examipies are butaxdiencj 
p2tttadiene-l,3, hexadiene-l^, isoprene, 2- 75 
ethyl butadiene, 2-proipyl buitadiene, 2-050- 
propyi butadiene, 2,3-dttmethyl butadiene, 
phenyl butadiene, etc Among them, butadiene, 
isoptene and psatadiene-l^ ^ preferable. 
A mixture of them may ala> be emploiyed 80 

The molar latMr of oonjiigaitsed diene to «- 
(AffBn in die Mtial xnonomfir compositim is 
not ciitical, but is usuaitty wMm this range of 
10/1 to 1/100 (10/l>diiene/a-olefin> 
1/100), preferably be 5/1 to 1/50 (5/l> 85 
diene/Qj-olefin>l/50). It is noteworthy diaf, 
for example, when ccpol3nnerizatkm reaction 
proceeds 50% by using a monomer mixture 
having the iniitial monomer compositioia of 
1 : 50, the molar ratio of unieaciced conjugaified 90 
dieae to unreacted tr-olefin at diis stage should 
be 1:99. 

The manner for preparing the catalyst sys- 
tem of this invention has not been found to 
be critical. The organoaiuminum ompound 95 
which forms the first component of the cata- 
lyst S5rstem and the organic tiicanium com- 
pound which forms the second component of 
the catalyst system or the organoaiumiinium 
compound, die organic titanium ccMnpound 100 
and the halogen or halogen compound whidi 
fomis the dmrd component of the caitalyst 
system of the jn-esent invention can be mixed 
per se or «tihey can be mixed in -the presence 
of an organic solvent. If a sodveoft is tso be 105 
emiployed, the aromatic solvents such as 
bem^ene;, toluene or xylenej the alipbaitac 
hydrocarbons eg. propane, butane, penitane, 
hexane, heptane, or cyclothexane; the halo- 
genated hydrocarbon solvents trflmloethanes, 110 
methylene halides or tetrahaloetihyleDes are 
usually preferred. 

In gmeral, the orgarwaluinflnum oompound 
which f oons the first comparient of the cata- 
lyst system and the organic titanium com- 115 
pound which fonns the second amponent of 
the catalyst system may suitably be mixed 
at a tempcracure wilihin a very wide range 
from — 100°C to -hlOO^C, and preferably 
from — 78°C to +50°C. This icempexature is 120 
shown as catalyst preparatian temperatuie m 
the Tables girven hereinatfter. The halogen 



% 
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<yr telogea comipaiHKl whach forms llie thiid copoiymeri Fig, 3 showis i4ie inffra-red spoc- 

coGnaipanant of »tihe caitalyst system may siiitably •trum of -the 'typical example of aketmatimg co^- 

be mixed with ithe other one or two* com- polymer of isorprene and' ibumxe-1 prepared by 

ponents of liie catalyst system of iMs dnven- the mejchod off this inventiim:; Fig. 4 straws the 

5 tton at a tempsorature vsniithiii a very wiide range nuclear magnetic resoniance spexatipum of the 70 

from — lfOO°C to +100°C, and' prefeoiably copolymer; Fig. 5 sihows tche infra-mi spec- 

from --78°C to 4-5'0°'C, trum oif the tyipkal example of alteraatmg co- 

TUie poilymedzation Teaation may suaitably polymer of isoprenc and pratene-l- preipared 

be carried ouit at a temperatiure within a by the method oif this mventiioni; Big. 6 shows 

10 range ftrom* — 100° C to 4- l€iO°'C, and prefer- the nuclear magneitic resonance spectrum! of 75 

ably from —78^ to +5-0°C. the copolymear; Fig. 7 shows the inifear-ned 

The praocice of this copolymeirizatiioii is spectrum of the typical exampds of altEtmat- 

usually earned out in the presence of an ing copolymer of isopreraa and 'hexene-l- pre- 

organac solvent or diiuent. However, this pared by ithe method of this invention; Fig. 

15 does not mean that this dnvenition caimoa be 8 sihows the nuclear magnedc resoai'ance 80 

praomccd -in tlie form of bnillc polymcjrizatiQn, speotrum of the copolymer; Fig. 9 shows tlhe 

le. wiiihoiut ithe use of sodivenit. If dit is desired infra-red spectrum of the .tyipicai example 

to use a sodvenit, the anomatflc sodvents such of •alternating capolymer of pentadii e neHl^S 

as .benzencf, toluene or xylene; fdie aiUiphaisic and propylene; Fii'g. 10 shows the nuclear 

20 hydrocarbons, eg, prqposxe, butane, penitane, magnenac resonance spectrum of the copoly- 85 

hcxane, heptane or cyolobcxane; 'the ihalogein- mor; Fig. 11 shows die infraHTcdl spootanim of 

ated hydbrocariboa solvents, trihaloedimies, the atematanig copolymer of isoprene and 

madiykne haiides or tertrah-aioefthyleoes may purcpylene prepared by the catalyst system of 

also be employed. triiisabaitylaluminum, vanadium (V) oxy- 

25 Alt the ccHnpletiott of the copoiymflrizaition: cMoiade and' partial hydrolysis parodusot of 90 

reaction, the prodtict may be precipLtaoed and ajjumiiminiitratoprcipo^ at — 40°C; and Fig. 

dieashed by using a medianol-hydroidxLoiriR: 112 ^ows dte nuclear maigniedc leson^ 

acid miixtiire. The predpdicaljeid prodnot may team of the copoiymcir. 
be tfuirdier washed wltih methanoit for "seiveral Tbe invenoion: wiM: be iKhistrated wttbi xef er- 

30 dmes and dried under vaicuum, ence to the fctilowJng Examples. 95 
The caMyst system used din die ptiesent 
invention employs an orgfanoBlnniinum com- 

pooHid and a tiitamiEm compound las main Example 1. 

components and in contrast to the oitesmatmg The usual, dry, okr-^resi itedmique was em- 

35 cqpolymer of biitadicne and an la-oleifin pre- ployed and 0A\6 mnl'limole orgamc dtanimn 

pared by the oag^oaiuminnm--vanadi\im com- oompomnd, 6.5 mirlli'liters toluene and 0.2 

pound type catalyst system, the butadiene miillknoie halogen compound were put suooes- 100 

units of the aiteroating copolymer of buta- sively into 25 milliliter glass 'bottles ait 25 °C. 

diene and tihe ^Holefin prepared by the methods Then, -the bottles were left alone at 25 °C for 

40 oif thiB invention contains considerablie amounts 10 miinutes. Thereafter, the ibottLes v/ere held 

of ci&^l,4-structure and occasaonailjly involves in a dow temperatuire bath at — 78°C (it 

manor amounts of l^-srtmiacuire. In other corresponds to . the catalyst preparatioa tern- 105 

words, the structure of the akeanating co- psrature shown dn Table 1) and 2.0 miHi- 

polymer of butadiene and lo-aLetfin prepared liters -trnsobiityMuniinum sotaion in todnene 

45 by ijhe method of this dnvention resembles tbat (»1 molar solutiion) and a miixxure of 2.0 milli- 

of tthe one prepared by ithe catalyst system hiters liquid propylene, 2 miMiters liquid 

of an organoahnmniun compound, tiitanium -buitadiene <and 2.0 mailliliters toluene were put 110 

tecrahalide and a cairbanyl group containing successively into die botdes also employinig the 

compound (British Patent 13110943). usual, dry, air-free technique. Thereafter, the 

50 As sihown in Examples 21, 24 and Exiperi- braks were sealed and the contents allowed 

meets 1 and! 2 of Examiple 215 in detHiil, die to ccpolymeriize at — 30^C for li6 houits. The 

products obtaiined dn diese Examples were results are summairiized in Taible 1. 115 
determined thotnigji many f ajctis as the alcor- The molecular weagjht of the MEK soluble 

nating copolymers of isopiene with ptropylene, fraction of the aLtemating copolymer was 

55 hexenc-'l, pentene-1 £uid .butene-1 lespeotively. lower diian diat of rthe AiiEK insoluble and 

Also, as shown in Examples 26 and 2i8 in diethyl ether soiLuble fraction of the aitemat- 

detaila .the produots obtsSned dn diose Ex- ing copolymer. Themefore, it is concluded 120 

ampHes were determined idiroii^ many facts that the yield of die high moleciBiar wedight 

as (the altemaitang copolymers of pentadiene- f racdon m Exp. No. 4 obitained hy die two 

60 1,3 widi propykne and hexjene-II respecfcavely. components catalyst sy^m of 
Fdig. 1 ^ows dse inte-d^d spec£pum of die 
tyffMcai example of aitematiing copolymer of 

isoprene g'nd propylene prepared by die » O 

method of dm dhventLon; Hig. 2 sihows die || 
65 nuclear magnetic Tesomanoc spectrum of die AI)(djBu)3 — Tdi01aOC3C]Ka 
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TABLE a 





Catalysts* 




PolyBierization 
CDiiditions 






Organic 
titanium 
compound^ 
O 












Exp. No. 


OrgaaoaluxBinum 
compoimd (mmoQ 


II 

TiaaOCCeHs 
(nimol) 


Catalyst, 
pieparation 
• temperature ( ^'C)- 


Temperature (**C) 


1 


Al(i-Bu)3 0.25 


0.10 


-30 


-40 


* 


AI(i-Bu)8 0.25 


0.10 


-20 


-40 


3 


Al(i-Bu)3 0.25 


0.10 


-10 


-40 


4 


Al(i-Bu)30.25 


0.10 


0 


-40 




Al{i-Bu)30.50 


0.02S 


-78 


-30 


6 


Al(i-Bu)3 0.50 


0.05 


-78 


-30 


7 


AI(i-Bu)3 0.50 


0.10 


-78 


-30 


8 


Al(i-Bu)3 0.50 


0.18 


-78 


-30 


9 


Al(i-Bu)3 0.50 


0.20 


-78 


-30 


10 


Al(i-.Bu)3 0,50 


0.23 


—78 


-30 


11 


Al(i-Bu)3 0.50 


0.25 


-78 


-30 


12 


Al(i-Bu)3 0.50 


0.275 


-78 


-30 


13 


Al(i-Bu)3 0.30 


0.10 


-30 


-37 


14 


Al(i-Bu)3 0-30 


0.10 


-78 


20 


15 


AlEtj 0,50 


0.20 


—78- 


-30- 



* AlCi—Bu),: triisobutylaluminum, AlEtg: triethylalumimim 



'4 
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TABLE 3 (contmucd) 





Pol3rnierizatioii 
conditions 


Alternating copolymer of 
bixtadiene and propylene 












Microstructure of 
butadiene unit 


E^. No. 


TimeObr.) 


Yield (g) 


Intrinsic Viscosity 
M (dl/g) 


CIS 

(%) 


trans 
(%) 


1,2 
(%> 


1 


16 


1.92 




3.47 


11 


86 


3 


2 


16 


1.89 




4.31 


12 


85 


3 


3 


16 


1.78 




4.59 


13 


84 


3 


4 


16 


1.14 




4.81 


22 


75 


3 


5 


16 


0,13 






— 


— 


— 


6 


16 


0.34 






— 


— 


— 


7 


16 


0.77 












8 


16 


1 41 




2.01 


7 


89 


4 


9 


16 


1.46 




1.98 








10 


16 


1.47 




1.62 


6 


90 


4 


11 


16 


1.02 












12 


16 


0.64 












13 


17.5 


1.81 




3.24 


12 


86 


2 


14 


25 


1.21 




0.62 








15 


16 


0.80 













** measured in chloroform at 30 **C. 

l^ample 4. 
The usual, day, amr-free tedxmqus was cm- 
ployed and. 8.0 amfilfltes tohiare: and vaiy- 

5 iitg ^mfwwvis of oitgenic lataiman compound 
TOre: paic successively into 25 miffliter gjaffi 
bocdes at 20°C. Tfalan, the boccdes were hcM 
m a ooaastant icetnparatasre: bath showing; pie- 
dBtermrraed temperaiCure {xic coirrcspoDdls to 

10 catalyst prcpaiaitiogi tempetatoice given/ in 
Table 4) and vaaryihg amoonts of organo^ 
aluminum compoimd solution in toluene (1 



molar soikitkMi) were put die bocdes. 
Thereaiicer, fthe botd£S were held m a low 
temperaiture baili at — 78°C and a imxcure 
of 2.0 mEMilflitera liquid prcpyieDje, 2Jy rnitllf - 
liters Mquid ibutadaene and 2.0 miHilfliffir s 
tjodiiene was put iosco the bottles also empdoiy- 
mg the usual, d!ry, aiTHfree techinique. Then, 
die botdes wore sealed and die coatents 
allowed to copolymeriize at piedetennined 
tempejrature for 16 haups. T3ie resutes were 
summaidzed in Table 4. 
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TABLE 4 





Catalysts 




Polymerization 
conditions 




Orgaitoaluminum 
compound 


Organic titanium 
compound, 

O 

II 

TiClsOCCeHs 


Catalvst 
preparation 
temDeraturc ( °0 


Temperature (**C) 


1 
X 


AI(i— Bujg 1 .00 


0.23 


— 78 


—30 




AI(i— Bu)3 1 .00 


A ACT 
U .05 


—78 


—30 




Al(i— BujaCSO 


0.05 


—78 


—30 


ft 


Al(i— Bu)3 0.25 


/\ AC 

0.05 


—78 


—30 


f 
0 


AI(i— BujaO. 15 


A AC 

0.05 


—78 


—30 


o 


Al(i— BujgO.SO 


A t A 

0.10 


—30 


—37 


/ 




0.06 


—60 


—30 


8 


Al(i~Bu)3 0.25 


0.06 


-40 


-30 


9 


Al(i-Bu)3 0.25 


0.06 


-20 


-30 


10 


Al(i~Bu)3 0.25 


0.06 


0 


-30 


11 


Al(i-Bu)3 0.25 


0.06 


-78 


-20 


12 


Al(i-Bu)30.25 


0.06 


-78 


-10 


13 


Affitg 0.50 


0.20 


-78 


-30 
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TABLE 4 (condnued) 



Exp. No. 


Polymerization 
conditions 


Alternating copolymer of 
butadiene and propylene 


Time(hl:.) 


Yield (g) 


* 

Intrinsic viscosity 


Microsttucture of 
butadiene unit 


cis 
(%) 






(%) 


1 


16 


2.62 


1.02 


— 




— 


— 




16 


0.10 




35 




57 


a 


5 


16 


0.79 




28 




66 


6 


4 


16 


1.25 




20 




77 


3 


5 


16 


0.36 




47 




50 


3 


6 


16 


1.57 




18 




78 


4 


7 


16 


1.46 


1.50 










8 


16 


1.17 


1.44 










9 


16 


1.17 


1.15 










10 


16 


0.98 


1.99 










11 


16 


1.57 


1.12 










12 


16 


1.56 


1.04 










13 


16 


0.33 


0.70 











* Measured in cfalorofoim at 30 °C 
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Ejcample 5. 
The usual, dry, air--free teohmique was em- 
ployed and 8.0 iniMiters toluene and varying 
amoums of organic tLtamiim coimpcanid were 
put successively into 25 m.i'Ilf'lflier glass botdes 
at 20^C Then, .the botdes were held in a low 
temperature bath at — 78°C (it coraespoiids to 
catalyst proparatioa teniparature gLven an 
Tabic 5) and varyiing amoumtis of nLsobatyi- 
aliunintun soluiiogi in toiuesos; (1 molar soilu- 



tioa) and a mixtuire of 2.0 miilliliters liquid 
propylene, 2.0 milffiteis liquid bucadiece^ and 
2.0 milliliters toiuenc wea^c put s a s xtissm dy 
into the bottles also employing the usual, day, 
air-free technique. Then, the boccks were 
sealed and the oontents allowed to cDpoly- 
meiize at predeceimined tjeraperatmre and for 
The results were sum- 
marized in Table 5. 
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TABLE 5 





( 


Hataiysts* 




Polymexization conditions 


Exp. 
No. 


Al(i-Bu)3 
(mmal) 


Organic : titanium ' 
compound {mmol) 


Catalyst 
prqpaiation 
temperature( **C) 


TempetatureC'^C) 


Time 
(hr.) 






O 








1 


0.3 


II 

Tia2(0CEt)a 
O 


-78 


-30 


17 


2 


0.7 


11 

Tia2(OC3£t)2 0.1 
O 


-78 


-30 


17 


3 


0.3 


11 

0[TiCl(0CEt)2]a 0.05 
O 


-78 


-30 


17 


4 


0.7 


II 

0[Tia(0CEt)j2 0.05 

o 


-78 


-30 


17 


5 


0.3 


n 

TiCl(OCEt)sj 


-78 


20 


25 


O 


o 


O 


O 





* Tia.(OCEt)j: TiaaCOCCssHg), 0[TiCa(0CEt)j8: OrnCl(OCCsHs)j2 



TABLE 5 (continued) 





Alternating copolymer of butadiene and propylene 


Exp. No. 


Yield (g) 


Intrinsic** 

viscosity 

[Y](dl/g) 


Microsttuctarre of butadiene 
imit 






ds 
<%) 


"trans 

C%) 


(%) 


1 


^.37 




IS 


77 


5 


2 


0.26 










3 


0.10 




20 


68 


12 


4 


0.09 












0.36 


0.72 


32 


55 


13. 



** Measured in chloroform at 30 X. 
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Example 6. 
The vtsaaly dry, air-free techndque was em- 
ployed, and 7.0 miiMteis tjolume, varying 
amounts cxf orgaiidc lita'nfiim com^xniiid and* 
vaaryiitg -amouiiits of halogea compatcad were 
put sujcressivoly intso 25 mf l'Iiiiter glass ibottles 
at 20*'C. Then, the bocdcs wcro hdd! in a low 



alumimim compound soIlpgou in toluene (I 
molar soludon) aiid a mixture of 2.0 millii- 
hters 'liquid prapylene^ 2.0 miifflitEis 'liqiiM 
but^idene and 2,0 millilicers tohiene wcis: put 
successaively into the ibottles aJso emiploying 15 
die usualj dry, aiKrHfree Jtechiiaque. Hwn, die 
bottles were sealed acwi the oootmts aJiowed 



temperature bath at — 78^C (it cortesponds to copolymerize at predfirtmrnned temperaiCuie 
to catalyst prepamtion. temperature giiveft ta and for predeterrmned tkxie. The results were 
Table 6) and vaocying amounts of vffganch sununaiozed in Table 6. 
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TABLE 6 





Catalysts* 




Exp. 
No. 


Otganoaluminium 
compound (mmol) 


Organic titanium 
compoimd (mmol) 


Halogen 

compound (mmol) 


Catalyst 
preparation 
temperature (°C) 








O 










1 


Al(i-Bu)3 


0.5 


II 

TiClsCOCEt)^ 
O 


0.1 


tert-BuCl 


0.1 


-78 


2 


AI(i-Bu)3 


5.0 


il 

TiaCOCEt)3 

o 


0.05 


tert-BuCi 


1.0 


-78 


3 


Al(he^l)3 


0.5 


II 

TiCl3(OCEt) 
O 


0.2 


FeQa 


0.01 


-78 


4 


Al(i-Bu)3 


2.0 


II 

TiagCOCEt) 


0.2 


MoQs 


1.0 


-78 




O 


O 





* TiQ2(OCEt)2: TiCl2(OCC2Hs)2, tert-BuCl: tert-buiyl chloride^ Al(hexyl)3 : trihcxylalumiaium. 



TABLE 6 (continued) 





Pol3naierization conditions 


Alternating copolymer of butadiene and 
propylene 










iVIicrostructure of butadiene 
xmit 


£zp. 
No. 


Temperature (X) 


Time (hr.) 


Yield (g) 


cis trans 1^2 

(%) (%) (%) 


1 


20 


25 


0.73 


23 70 7 


2 


-40 


15.5 


0.19 


40 35 25 


3 


-40 


15.5 


0.63 


25 70 5 


4 


-40 


15.5 


0.49 


18 80 2 
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Example 10. 
The usudj dry, air-free technique was em- 
ployed and 8.0 niitliliteTS toluene and: 0J06 
miiLLunoile 

O 

5 II 

TiOaOGCoH, 

were put into a 25 miildiliiter glass botde at 
20°C. Then, itiie batitile was hedd in a low tem- 
peraiture badi at — 78°C and' 0.60 milliJitcer 
trtiisoboitylaluniinuni soluicLon in toluene (1 

10 molar solution), 1.0 miHiliter Mquad; butadiene 
and 5.0 miliilkers liquid propylene were put 
successively into the bottie also employing the 
usual, dry, air-free tesdimiquE,. Tlifireafcer, die 
bocde was sealed and die contents adlowed to 

15 copolymerize aa: 40°C for 1.5 hours. TThe yield 
of the aLtecniating coipoiymer was O.OSg. 

Example 11. 
The usual, dry, air-ficese techimque was em- 
ployed and 8.0 m£UiMi«Bis rtoluene, 0.15 miiUx- 
20 mole 



TiCI;,OCC,H„ 

2.0 milliliters liquid butadiene, 2.0 milliliters 
liquid ipropylene and 0.5 mliiETer triLsobutyl- 
aliHrtinum solution in toluene (1 molar salu- 

25 ttton) were put successively into a 25 milli- 
liter glass botde at — 30°C, Tlien, the botde 
was sealed and the contents allowed to co- 
polymeirize at -40^C for 15.5 hours. The 
yield of .the alternating copolymer was 1.63. 

30 The microstructure of butadiene unait of die 
copolymer was as follows: cLs: 2%, urans: 
95%, U; 3%. 

Example 1'2. 
The lisual^ dry, air-iree techndquie was em- 
35 ployed and 7.0 mfflitcrs toluene, 0.2 mW- 
mole 

O 

II 

C>[Ti(OCGH3X]2, 

2.0 miyiliLters tnisobutyMummum sodudon m 
toiuene (1 molar solution) and 0.5 miilltimole 

40 AiQU.OCGzHsX were put suocessivdLy iinito a 
25 mi'lHIte glass botde at —40*^ Then, 
the botde was held in a low temperature bath 
at — 78°C and a mixture of 2.0 miilliliitcrs 
Hquid propyHenej 2.0 mililaJiiiters HquSd: boita- 

45 diene and 2.0 miMiteiss toluene wais put into 
lihe bottle also employing the usual, dry, air- 
free technique. Tliereafter, the bofCtle was 
sealed and the contents allowed to oopoly- 
merize at — 40°C for 1-8 hours. The yield of 

50 the MEK soluble atematinig copolymer of 
butadiene and propylene was O.lOg and that 
of the MEK insoluble, diiethyl ether soluble 
fraotion was 0.09g. The macrostructure of 



butadiiene unit of the latter fiacGiion was as 
follows: ds; 20%, tarans; -65%, 1,2; 15%. 55 

Example 13. 
The usuaJ, dry, air-free tecfanaque was em- 
ployed and 10.0 miHtliters toluene, 0.05 mMi- 
Eter tert-buityloMofide soluitiion m tolixene (1 
molar sohition) and 0.4 milliiliter tniiiBobidyl- 60 
aluminum sDludon m tohieae <?! moHiar soilu- 
don) were put inlxy a 25 mUliLliter i^ass botide 
at 215*^0. Then- «the •botde was held in a low 
tempeaature badi at —32^0 aod 0.12 mittt- 
mole 65 

D 

II 

TiClaOOQH^ 

was put into die botde, Thereaifter, the botde 
was held in- a low temperature bajfih at — 78°C 
and a mixture of 2.0 miUMters liquid 
propylene, 2.0 miUitliteTs Hquid' butadSene and 70 
2.0 mililflifcers toluene was put into tihe botde 
also employing the usual, dry, lair-free tech- 
nique. Then, the botde was sealed and the 
contents allowed' .to copodymerize at — 40°C 
for 16 hours. The yield of the altematihg co- 75 
polymer of butadiene and propylene was 1.37g 
and its intrinsic viscosity was 2.8 (dl/g) in 
tohieae at 30®C By using the tiwo com- 
ponents catalyst system of 0.4 miUimole tri- 
isotbutylakiminum and 0.1'2 mdiliimole 80 



TdGUC»iGaEIa, 

butadiene and propyteoe aiLteinxaliEnig copoly- 
meintzation reaction was canted out. The yitM. 
of the aikeniating copolymer was 1.16'g and 
its intaai^ visoosky was 2.-65 (di/g) aao: tdiKaic 85 
at 30°C. From ttese expeitoentSj dre effect 
oibtained 'by the adcMtEon of 'haiogexi compoiund 
can be found. 

Esample 14. 
Tlie usual, dry, air-free 'technique wag em- 90 
ployed and 7.0 nufliilEters tokrene and vary- 
ing amounts of organic titaniinn cjompound! 
were put into 25 miliMitier glass bottlies at 
20°C Then, the bottdes were held in a con- 
stant .tempenature badi showing predetermiined 95 
temperature (it comrespandsj to catalyst prepara- 
'tiioin temperature given in Table 9) and* vann- 
ing amounts of organoaluniinim cjompound 
solution in toluene (1 molar soltitDon) was 
put into die bottles respectively. Thereafter, 100 
due boftdes were held in a low temperature 
bath at — 78°C and vairymg amounts of liquid 
Qf-olefin and 2.0 milLrlitejrs liquid! butadfaie 
were put successively into -die 'botides also em- 
ployinig die usual, dry, air-^ee technique. 105 
Then, die -botdes were sealed and dxe contents 
allowed to copolymerize at predetermined tem- 
perature and for predetermined time. The 
results were summarized in Table 9. 
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Examipie IS. 
The usual, diy, airnfree teoimique was em- 
ployed and 4.0 millaHteirs (toluene and! 0.2 
miHiimole 

O 

5 II 

wem put imto a 25 miiilliilliter. gllass batde at 
20°C. Then the battle was hald in a low 
cemperatuirc batb at — 78*^C and 1.0 mtlliMEer 
oiisobuityMiimimun soLution dn itjolixeae (1 

10 molar soludan) and' 6.0 mcUdiMtezs liquid B — B 
f rajcMoQ were put successively hoxji lixe botde 
also eiiiplo3n3ig the usual^ dry, aiiF-£ree tedi- 
nique. Ttheceaifteor^ the bocds was sealed and 
the coateats aHilowed to capoit^xxorize ait 

15 — 30^C fo(r24houa?& The ybMof atltxram^^ 
copolymer of butadiene aad ibutene-l wias 
a55g. 

The molar campositdon of th-e B — B frac- 
tioii used was as folilows: . 

20 propane 0.03 mole % 

propylene 0.05 „ 

merfiylacetylene 0.69 
isobutane OSZ „ 

n-butane 3,67 „ 

25 isobutylene 26.22 „ 

butene-1 14.1*8 
trans-buteae-2 5.1^ 3, 

cis-butene-2 4..12 „ 

13 -butadiene 44.02 „ 

30 1 ^-butadiene 0.52 „ 

ethyl acetylene 0.1i6 „ 

vinyl acetylene 0.64 „ 



Example 19* 
5.91 Kg ailitematmg copolymer of buta- 
dime and! proipylene was prepared tfrom 8.10 35 
Kg ipropyteie and 8.50 Kg butadiene at 
— 40°C for 17.5 ihouirs. The catalyse used 
was prepared ^xmi l.HI mde tfaibulyl- 
akmuntun and 0.44 moQe 



40 



TiCI&< 



at —20*^. The miniiber averaige molecuilar 
weL^t of tihce GOipolynier was 93^:500. 

Th:e vuicaiaiizatLQa was canied! out m the 
following way: 



100 pairs of .the above coipoiymer, 45 

50 points of oil furnace black <JEi!AiE'), 

5 paints of zinc oxide, 

1.5 parts of sulphur, 

1 pant of steaiik: add, 

1 pait of ptenyl-tiS-naplhdiyl amame and 50 

1 part of benzothiazyl diisiilifide 



were mixed on a (Taller and! vuiIicaiD!£Kidl at 
150°C for 20 minutes. 

The produnt obtained by ithe vuiicanazaticHi 
had (the folkMwiitg values: 55 



elomgation at brealc at 25 °C 
tensile "strength at 25°C 
modulus 300% at 25°C 



Escam.ple 20. 
60 The usual) dry, adr-fcee tedhiuque was em- 
ployed and 7.0 miJliilifters toluene;) 0.2: miiilli- 
mole 

oc>c3o 

and 0.5 mdUimole stannic ohioride were rpnit 
65 tfticcessi'vely into a 25 mdllldiliicer glass botde at 
20°G. Then, die batd« was htdd in a low 
temperatuir^ bath at — 46°C and 1.0 mililf- 
liter trictliyhltiniiniim solutikra; m tcohiene (1 
molar solution) was put into iche <botde. Tbere- 
70 after, tihe bottle was 'held in a low tempera- 
ture badi at — 78°C and 4*0 rnalliiHiters l^md 
pentene-l and 2.0 milMiliiteiB liquid butadiene 
were put successively inicoi the bottle also 
employing the usual, dry, air-free technique. 
75 Then^ die boKAle was fseaiteidi ^and) the ooniCenitis 



390% 

226 Kg/cm= 
15 6 Kg/cm- 

allowed to copolyanerize at 20°C for 48. hours. 
MEK soihible altomatiing copolymer of buta- 
dtexxe and! peatetKHl was obtained. Jit's yieM 
was 0-40|g. 

Example 21. 80 
The usuali'dryi stcr-free tedmique was em- 
ployed and 8.0 mllili&Bis itoliieae and varying 
amounts of crgamic tiitamumi compound weie 
pnit into 25 miJHilifer glass botdes at ^5^C. 
Then, the botdes were held in a constant tem- 85 
Iparaiture bath showinig predjetmnined tcmpera«- 
ture (iit oorrespoods to catalyst preparation 
temperature) and varyong amounts of oaigsaiKv 
alumimm compound solutioa dn toluene (1 
molar soluiciaa) were put into the battles 90 
respectively. Thereafter, .the bottte were held 
in a low temperatuiie badi at — 78^G and a 
mixiture of 2.0 mililib'jters Hquidi propyleaije and 
2.0 milliliters liquid dsoprene was put into the 
each -bottle 2^so employmg the usiklI^ dky, air- 95 
free technique. Theiij the 'bocdes were sealed 
and the contenrds allowed to copcdymertze at 
predetefflrniihedl (temperature and for predetter- 
mined tiim^e. The resuiiDs were summttaiiized in 
Table 13. 100 
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8. It peak may be assigned: m mediylene 
group of 1,4-isoprcnc umt of the alter- 
natmg copolymer. 

5) The copolymeirization reaction gives 1:1 
5 copolymer over a wide range of imml 

momcnxier composictoa. 

6) The copolymexizatkni leactma gLves: 1 : 1 
copolymer indepeadentiy of polymeriza- 
i£on tone. 

10 In Fig. 2y 8.32t peak may be ascriibed to 
methyl grofuip of cis-l>4-siiruccirce of isopreme 
imit and 8.42t peak may also be ascribed to 
tiie total of methyl groups of I3raiis-ly4- and 
3,4-stnKtitres of isoprene unit of the co- 

15 polymer. Therefore, it is concluded that the 
smicture of isoprene unit of the copolymer is 
mainly ds-l,4-stnicnire. 

In Fig. lla in contrasc to tihe spectrum 
in F-iig. 1, a shaip peak appeais at 909 cm~^. 

20 The band is assigiid t» 1,2-scnicture of iso- 
prene unit of the altematiing copolymer. The 
strength of ihte broad 850 cm~^ baiui assigned 
to l54-stnK:tu!re of isoprene unit in Fig 1 is 
stronger than that of the one in Fig. 11. In 

25 Fdg. 12, in contrast with the spectrum in Fig. 
2, it is found that most of the 1,4'Jstructure 
irnits of isoprene is irai3S-l,4--stru30tuie. 

From the above results, it is dear that the 
structmie of the ailtexnatihg copolymer of iso- 

30 prene and propylene prepared by the method 
of this mventtODa is quk& different from that 
of the one prepared by the organoaluminum 
compound-vanadium compound type catal3rst 
system The altamating copolymer of the 

35 present inventuon is a novel matsedal. 

From Figs. 11 and 12, it is also found that 
microscnKftuie of isoprenfi unit of the al'ter- 
nating copolymer is foUoiws: 



1,4-sdructitre : 88% 

l^stractuie : 5% 40 

3,4-stmctiire : 7% 
The special feature of the structure of 
altemadng copolymer of isoprene ^ and 
propylene prepared by ihc method of this in- 
vention is as foUows: ^ 

a. AiicTostructure of isopaene unit of the 
altemaidng oorpolymer is composed of 
lai^ amounts of 1,4-structusre and minor 
amounts of 3,4-structiire. 

b. The mosd part of i5ie 1,4'SCnictuxie units 50 
of MOprene is cK>-l,4-stnKJtuie. 

c. Bsa^iosDcc of 1,2-structuiie unit of iso- 
prene can scaiceiy be detsected by its 
infra-red spectnmi. 

Example 22. 55 
The usual, dsry, anV-frae technique was em- 
ployed and 8.0 milliliters toluene, varying 
amounts of organic titanium compound! and 
varying amounts of halogen compound were 
put into 25 mililiter glsBs borcdes at 25°C 60 
Then, the botdes were held in a constant tem- 
pemture bath showing pcedecemiined tem- 
perature (it corresponds to catalyst prepara- 
tion temperatuie given in Table 14) and 
varying amounts of 'triisobutylalmninum solu- 65 
tion in toluene (1 molar soludon) were puit 
into the botdes respectively. Thereafter, the 
botdes were held in a low temperature bath 
at — 78°C and a mixture of 2.0 miillfltters 
Mquid propylene and 2.0 mttOahtexs liqindl iso- 70 
pnene was put into each botde also employ- 
ing the usual, dry, air-free technique. Tten, 
the botdes were sealed and the contents 
allowed to copolymerize at predoteimined 
temperatuie and for predetermined time. The 75 
results were summaiizedl an Tabic 14. 
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TABLE 14 





Catalysts* 


Exp. No, 


Al(i-Bu)3 

^inmoxc f 


Organictitamuxn compound (mmol) 


Halogen or halogen 

compound 

(mmole) 






O 








1 


1.0 


II 

TiClsCOCCHj) 
O 


0.2 


CeHsCOCl, 


0.1 


2 


1.0 


II 

TiaatOCCH(CH3)CH3l2 

o 


0.2 


AlCla.OEto 


0.1 


3 


1.0 


II 

TiCl2[0CCH(CH3)CHal8 
O 


0.2 


tert-BuCI 


0.2 


4 


1.0 


II 

Tia2[OCCH(CHa)CHa]2 
O 


0.2 




0.1 


5 


1.0 


II 

0[Tia2(OCC6H5)]2 

o 


0.25 


Sna4 


0.1 


6 


1.0 


II 

OtTKOCCHa)^], 
O 


0.1 


Sna4 


0.2 


7 


1.0 


II 

0[Ti(OCCH3)3]2 


0.1 


AlEtQa 


0.2 


8 


1.0 


0[Ti(OCCH3)3]a 
O 


0.1 


FeClg 


0.1 


9 


1.0 


tl 

Ti(Oi-Pr)2(OCCH3)2 


0.2 


SbQg 


0.2 






O 
II 

Ti(Oi-Pr)2(OCCH3)2 
O 








10 


1.0 


0.2 




0.1 


11 


0.3 


II 

0[Ti(OCC2l3)3l2 


0.1 


Br^ 


0.1 



o o 

II II 

* Ti(Oi-Pr)g(OCC3l3)8 : Ti[OCH(CH3)CH3l2(OCCH3)2 
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TABLE 14 (continued^ 



Exp. No. 


Catalyst 
ptepaiatioa 
temDeratuire ( 


Polymerization conditions 


Yield of alternating 
copolymer of isoprene 
and propylene 

(g) 


Teniperatute(*'C) 


Time (hr.) 


1 


—40 


— TCV 


JLO 


0.48 


2 


—40 




18 


0.33 


3 


—40 


— rtU 


18 


0.20 


4 


—40 


— rtU 


18 


0.16 


5 


—40 


-40 


18 


0.62 


6 


-40 


-40 


18 


0.02 


7 


-40 


-40 


18 


0.04 


8 


-40 


-40 


18 


0.02 


9 


-40 


-40 


18 


0.02 


10 


—40 


-40 


18 


1.57 


11 


-78 


20 


94 

1 


0.34 

[,„ 1 



botties respectively, ThcaPcaftEr, die bolides 
were held m a tcyw tetnpetiatiixe batii at 
—7S°C and a mixtine of 2.0 mili3.vteis Mqidd 15 
propylene and 2.0 nDtttKlDtors Hqusd isoprene 
was piit into eadh botde also employang the 
usual, diy, air-free techniqaie. Thcaa, the 
botties were sealed and the coniesnts allowed 
to copoIjmierLze at prodetmniiied temperattiirc 20 
for predeterniined time. The zesuites were sum- 
marized in Table 1'5. 



Example 23. 
The usual, dry, -air-free technique was em- 
ployed and 7.0 ntiHilicers toluene and 0.21 

5 niiOiimole organic tkanium compound: were 
put into 25 mfiTlilti fpr .glass botties at 25 ^C. 
Tben> tiie botties were held in a constant tem- 
perature baitii sho«wing papedecemiined tem- 
perature {it correspontis to catalyst prepara- 

10 tion temperature gLven an Table 15) and 0.5O 
mi'Hdlicer triisobutylaluminum solution in 
toluene (1 molar solution;) were put into the 
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3.0 Kg altematiiig copolymer piepaied under tiie same polymerizatioii cxmdairions as 
Exp. No. 4 was vulcanized as follows: 

100 parts of copolymer, 

50 parts of orl furnace black (1LA.F.), 

5 5 parts of zinc oxide, 

1.5 pans of sulphur, 

1 part of stearic add, 

1 part of phenyl-t^-mphtihylamine and 

1 part of beozottiiazyl disitlfide 

10 were mixed on a roUer and vulcanized at 140«C for 30 minutes. The prodtict obtained 
by the vulcanization had the foliowang values: 



15 



20 



25 



30 



35 



40 



45 



50 



55 



elongaiion at break at 25 °C 
tensSe strength at 25°C 
modulus 300% at 25°C 



510% 

169 Kg/cm= 
102 Kg/an2 



Examiple 24. 
The usual, dry, air-free technique was em- 
ployed and 7.0 miUiliceiiss toluene, O.l milK- 



0[Ti(OCGH3>.]3 

and 0.3 losWkst ethylaluminum dachloride 
soludon in toluene (1 molar solution) were put 
suocessiveiy into a 25 milJMter glass boftde 
at 20^Ci Then, the botde was beild m a low 
tonperatuie haA at --78°C and iJO miimiter 
tstiisobutylaluminum solution in. toluene (1 
molar scylution) a mixture of 3.0 nxilii- 
Ktess fiquM hexfflne-l and 2.0 mfHii'Hteis liquid 
isoprene were put successhreiy into the bottle 
also employing tiie usual, dry, adr-free tech- 
nique. Thereafter, the botde was sealed and 
allowed to copolymerize at — 30°C for 16 
hours. The yield of the altemating copolymer 
of isoprene and hexene-1 was 0.23 g. The 
microstruoture of isoprene unit of the co- 
polymer was as follows: 

1,2: 0%,1,4: 92%, 3,4: 8% 
The f oUowing resnins support the comcluaion 
that the copolymer is an aitsemating copoly- 
mer of isoprene and hexene-1. 

1) In the infra-red spectrum of tiie copoly- 
mer (Fig, 7)j there can be seen no peak 
near 909 cm""^. Therefore, it is con- 
cluded that microstmctuie of ^oprene 
unit of the alternating copolymer is sub- 
staotiaHy composed of 3,4- and 1,4- 
structures. 

2) In Fig. 85 measuring the ratio of pesk 
area of the triplet at 4.8r to half of that 
of the weak peak at 5.3t, the ratio of 
1,4-stnicture to 3,4-stnicture is found to 
be 90/10. 

3) It is found that the compoation of the 
copolymer accotrdms; to ifiie NMR ana- 
lysis substantially agrees wall with the 
calculated value for the 1:1 copoiymer 
of isoprene and hexene-1. The method 



for measuring the copolymer composi- 
tions was appSlied as was used in the case 
of altiemating copolymer of isoprene and 
butene-1. 

4) In Fig. 85 there can be seen substantialiy 
no p3ak at 7-95r carrespoaidtng to 1,4- 
isopiene repeating miit. This means that 
1,4-isopiene repeating unit does not 
appear in the copolymer. 

5) The copolymerizatioa xeaction gives 1 : 1 
copolymer over a wide nmige of mitial 
SEionomer comiposiiaoa. 

6) The copolymerizartajon reacdom gives 1:1 
copolymer independently of poiymjeiiza'- 
tion time. 

In Fig. 8, as in the case of aitemating co- 
polymer of isoprene and propylene, (by cant 
paring peak area of 8.35r peak and that of 
8-40r shoulder, it is found lihat the structure 
of isopime unit of the copolymicr as mainly 
cis-l,4-scracture. 

The altematiag copolymer of isoprene and 
he3^e-*l is also found to be a new matoiaL 

Example 25. 
The usual, dry, air-free technique was em- 
iployed and 7.0 milMIiters toluene, 02: miHi- 
mole organic titanium. comipouiKi and 0.5 
millimole halogen oompoamxi were put 
successively into 25 mflHliter gjlass bottLes at 
20°C. Then> the boftdes were held in a cson- 
scant temperature bath showimg predetermined 
temperature (it cofrresponds to caitalyst 
pireparatioai temperature given in Table 16) 
and 2.0 nMlliUters organoalmninum com- 
pound solution in toluene =(1 molar solufdon) 
was put into each bottle. Tbereaftetr, the 
bottles were heM m a low tenrperatuare bath 
at — and 2.0 milliliters liquid i'soprene 
and 3.0 mffiliters liquid la-olefin were piBt 
successively into the bottles also employing 
lihe -usual, dry, air-free technique. Then, the 
bocdes were sealed and the contents allowed 
to ocfpolymerfze at — 40^G for 28.5 hours. 
The results were summarized in Table 16, 
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The followiag results sarppcoit the conclusian 
that the copolymer oibtained: in Experimenx 2 
of Example 25 is an altseroaidng copolymer 
of isopreoe and bu&Bne-l. 
5 1) In the infra-red spectrum of the copoly- 
mer (Fig. 3)> i^erc can be «een: nia peak 
near 909 cm— ^ which oorrresponds to the 
band assfened to» 1,2-smiciCure of paLyiso- 
preoe. The 890 csor^ and 845 cm-^ 
10 bands arc assdigned to 3,4- and 1,4-scnic- 
tnre of isoprene unit of die copolymer, 
respectively. Theretfotre, it is concluded 
that ndcrostriiotuie of isoprene unait of die 
copolymer is sobstantiatly ooaiiposed of 
15 3,4- and l,4-stru)ctures. 

2) In Fig. 4, tihe triplet at 4.8t is ascribed 
to die proton direcdy attacihed to 1,4- 
isoprene double bond and the weaik peak 
at 5.3t OS ascriibed to asopnopenyl 

20 mechyleoe group of 3,4-iso,prene undlt of 
the copolymer. Measaning die rataio of 
peak area of the triplet at 4.8r .to hailf of 
that of the peak at 5.3r, the ratio of 1,4- 
stiructuie to 3,4-scnisccuire is foood to be 

25 93/7. ^ . , 

3) OJpolymer composition wore de fYnrnnne d 
as follows: 

if A is ipeak area of the triplet at 4.8r, 
B is peak area of the peak at 5.3r and 
30 C is peak area of all peaks appeaaring 

dn the region from 7.5r to 9.5r, 
the molar ratio of dsoprene to buteneHl 
in die copolymer can be shown by die fol- 
loiwdzig equadosi; 



35 



£9opreQe 



B 

A+— 
2 



botme-l {C-h(7A+3B)}1/8 



It is f omid diat the ooanposLdon of d^ 
copolymer accordiing t» the NMR analysis 
substantially agrees well widi die caJbcu- 
lated value for the 1:1 copolymer of iso- 
40 prene and buteae-l. - 

4) In fig. 4, there can be seen suibscantially 
no peak at 7.95t cotrrespoodlhig to 1>4- 
isoprene repeating tmit. This means that 
1,4-isopreae repeating imit does not appear 

45 in die copolymer. 

5) The copol5met!izatiioii reaction gives 1:1 
copolymer over a widle range of initial 
monomer composition. 

6) The copolymerization reaction gives 1 : 1 
50 copolymer mdependendy of poiyineriza- 

tion time. 

In Fig. 4, as in the case of altematiiag co- 
polymer of isoprenB and propylene, by com- 
paring peak area of 8.32r peak and .that of 
55 8.40r peak, it is found that thie structure of 
dsoptrene imit of the copolymer is mainly ds- 
1,4-structuie. As in the case of the ailteflnnating 
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copolymer of dsoprene and propylene, die 
alternating copolymer of isoprene and butene- 
1 of tIhe present invention is a new material. 60 

The following results support the con- 
dusdion that the copolymer obnaaned in Ex- 
periment 1 of Example 25 is an alternating 
copolymer of isoprene and pentene-1. 

1) In the infra-mi spectrum of the co- 65 
polymer (Fig. 5), there can be seen no 
peak near 909 cm"^. Therefore, it is con- 
duded that microstructuit} of iisoprene 
im-i'ff of tiie copolymer Is sufoscantiially com- 
posed of 3,4- and 1,4-sD-iBctures. 70 

2) In 6, measuring the ratio of peak 
area of the triplet at 4.8r to haJf of that 
of the weak prak at 5.3t, the rattao of 1,4- 
sii' u Dt u r e to 3,4-scniot(xre is found lo be 
94/6. ^ 75 

3) It is found tiiac die coDaposition of l!he 
copolymer according to the NMR analysis 
substantiiaiMy agrees woU wifth the caJcu- 
lated value for the 1 : 1 copolymer of iso- 
prene and pentene-1. The method for 80 
measuring 'the copolymer composLtiioins 
was applded as was used in the case of 
aJitemating copolymier of isopraie and 
butene-l. 

4) In Fig. 6, there can be seen substantially 85 
no peak at 7.95r cortrespandung to l>4-iso- 
lat^ value for die 1 : 1 copaLymer of 
pencadtone-ljS and propylene. 

5) The copolymerization reaction gives 1 : 1 
copolymer over a wide range of initial 90 
monomer composition. 

6) The copolyniBrizatioii reajctiian gives 1 : 1 
copolymer indepondenidy of polymeriza- 
tion time. 

In Fag. 6, as in the case of alternating co- 95 
polymer of isoprene and propylene, by com- 
paring peak area of 8.32r peak and that of 
8,40r peak, k is found ifbat the structuire of 
isopiene imit of die copal3mieQr is n^iaMy ds- 
1,4-scructure. 100 

The alternating oopoiymer of isoprene and 
pentme-l is atlso foimd to be a new material. 

Example 26. 
The usual^ dry, air-free technique was em- 
ployed and 2,0 nriilHIiters tohiene and varyang 105 
amounts of osgank: tttansum cooipound were 
put into 25 nulliHter botdes at 25°C 
Then, the bottles were heUd int a lioiw tempesa- 
ture bath at — 78**C (it coraesponds to caJar- 
lysc preparation temperature^ in Table 17) 110 
and 0.6 miiitfliityfr oTganoaluniimumi compound 
solntion in toluene (1 moiar sotoioD) aacBd a 
mixture of 0,4 niillffilaicesre Kquid propylene, 
0.6 milliliter loqiiid cis-pentadienB-1,3 aiiid 1,0 
miMiter toluene were put successivdy into the 115 
bottles also employing the usual, dry, aar- 
free itechniqire. Thereafter, the ;botdes wore 
sealed and the contents allofwed to copody- 
merize at — 40°C for HO hooHS. The results 
werei summarized in Table 17. 120 
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The following resuits support the ccm- 
dusion tlhat t&e copolyoier is an alteitmtmg co- 
polymer of pentadiene-13 and pawpylejie, 

1) In the infra-red spectrum of tiie penta- 
5 diene-prqpylene capoiyanor (Fig. 9), it is 

found that microscruclxcrei of peatadsene 
unit of the cc3polytner is substanfliially 1,4- 
structure. 

2) In the NMR specdnnn of the copoijpier 
10 (Fig. 10), the triplet at 4.7r is ascmbed 

to the protons dinecrdy attached to the 
double bond of penicadiene unit show- 
ing 1,4-stnicture. 

3) Copolymer oomposltioins were deceinimed 
15 as follows : 

If A is peak area of die triplet at 4.7r and 
C is peak area of all tiie peaks appear- 
ing in the region from 7.5t to 9.5r, 
the molar ratio of pentadiene to fpropylene 
20 in the copolymer can be shown by the 
following equation; 

pentadiene A/2 3A 



propylene (C— 3A)/6 G— 3A 

It is found lOiat the composatiDn of the 
copolymer accardiijig to the MMiR analysis 
25 sujbstantialiy agprees well vnxh the oaicu'- 
lated value for the 1 : 1 copolymer of penta- 
diene-1,3 and propylene. 

4) The oopoljmeiizaiiaa reaotion gives 1 : 1 
copolymer over a wide range of inijcial 

30 mosxomer composition. 

5) The coipolymeriizaaiLQii leaccron givies 1 : 1 
copolymer independently of poiymeriza- 
tion time. 

6) Although the greater part of the 1,4-scruc- 
35 ture units of penftadiene-^13 is titans-1^4, 

ciyscaiUizadon sensitive bands of trans- 
1,4-polypenasadiene at 781, 866, 939, 
1025 cm"~^ scarcely be fooind in Fig. 9. 

7) In the NMR specmjsn of amoa^^ous 
40 polypropylene, a doublet ascribing to 

methyl group appeais at 9.Hr and 9.12r 



On fdie other hand, in Fig. 10, the dooblec 
shifts to 9.04r and 9.15r, This means that 
die domblet ds ascribed to methyl grroup 
of propylene unit of altemaiting oopoly- 45 
mer of pentadiene-'l^ and propylene. 
The alternatmjg copoiymer of ipentadiene-1,3 
and propylene cwild not be prepared by the 
organoalummum-vanadLum oon^xnind! type 
camlyst system. 50 

The alamatmg copolymer is also con- 
sidered to be a new maioenal. 

The special feature of die structure of 
akemating copolymer of paitadiene-l^ and 
propylene prepared by the poocess of tbis in^ 55 
vention is as follows: 

a. Microstim)cture of penjtadien€Mlj3 xmit 
of the alternating copolymer is 1^4- 
stnicture. 

b. The greater part of the 1,4-structure 60 
units of pentadiene-'l,3 is ttaiis-<l,4 
structure. 

c. Existence of 1,2-structure imit of peoCa- 
diene-1,3 can scaixxiy be d epected by its 
in£ra-red spectrum. 65 

Example 27. 
The usual, dry, air-free techniqiie was em- 
ployed and 2.0 miUiliteirs toluene, 0.2 millL- 
mole organic titanium' compound and 0.1 
milMniole halogen compound were put suaxs- 70 
sivdy into 25 milliliter gjass bottles at 25°C. 
Then, the botdes were IdFt akme at 25°'<1 for 
10 nainutes. TherBaft3er, the botdes were held 
in a low temperature bath at —IS^G (it 
carresponds to catalyst preparaoioa tempera- 75 
ture) and 0.6 malUimole organoaluminum com- 
pound solution in toluene {1 molar solution) 
and a mixture of 0.4 miililnliter liquid 
(propylene;, 0.6 milliliter Hquad ds-peotaxiiene- 
1,3 and LO milLiliter toluene wore put saoces- 80 
sLvely into the botdes altso empioymg the 
usual, dry, aur-ifiree technique. Then, the 
botdes were sealed and the contents allowed 
to copo4ym«taze at —40^C for 110 hours. 
The results were summarized in Table l^S. 85 
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and 0.6 mi:lliliter tpiisobnitylaliiininxmi solu- 
tion in toluene (1 mohx solntion) and a mix- 
ture of 0.6 mdMiMter laquM ds-p>enjGaxiiicne-'13j 
0.7 milliliter liquid hexen-e-l and 1.0 mi-lli- 

5 liter tolueae were put successively inxo the 
bottle also employing lihe usual, dry, ak'-^reo 
■teohnique, Thea, the botole was sealed and 
the contents allowed to oopolymerize at 
— 40^C for 1.10 hours. The yield of the aiker- 

10 nadnig copolymer of ciis-pentadienevl,3 and 
hesene-1 solnble ki diietivyl ether andl flinsoM>le 
in M£K was O.Olg. 

Example 30. 
Tihe usual, dry, air-free itedmique was em- 
15 ployed and 7.0 millSlitiers toluene^ 0«2 mili- 
mole 

O 

0[Ti(OCC3H^X]2 

and 0.2 miimiole AjCl3.0Bt2 weore put succes- 
sively iiaiGo a 25 ndMoiliter iglass boiode ac 20°C. 

20 Then, the bocde was held in & low tempcira- 
ture bath at — 78°C and 1.0 miliarter tjri- 
asobutylaliimmum sdutiion; in tohjme (1 mofar 
solution) and a mixture of 1.0 miililliter iHquiid 
Gis-pentadiiene-1,3 and 1.0 milliliter proipylene 

25 were put successively into the battle also em- 
ploying the usual, dry, air-free technique* 
Thereafter^ the botde was sealed and the 
coatents avowed to copolymerize at 40°C for 
24 houiTs. The yield of the altemaiting oo- 

30 polymer was 0.20ig. The n:iiarosmicture of 
psntadiene unit of the copolymesr is as follows: 
cis-1,4: 20%, trans-1,4: 80% 
WHAT WE CLAIM IS: — 
1. A process for prepering an «altematiiig 

35 copodymer of a Q — C12 conjugated diiene and 
an orotofin having the general faimtDta of 
0112=0111 wherein R represents a Ci — C12 
^hydrocarbon radicai sdeotedl from alkyl, cyclo- 
alkyl, aryl and ai:\alkyl tadiDals wfaitb com- 

40 prises contacCing said conjugated diene and 
saiid io-olefin in the UqxM pl^ise with a cata- 
lyst composed of ^A) an arganoaluminum 
compound having* the general formula of AliRa 
whecdn R is as defined above and (B) an 

45 arganic titanium comipouiEd havmig ihe 



O 



TkX( 




(R is as defined above and X is halogen) 
structure in the molecule. 

2. A process as claimed in claim 1 wherein 
50 a halogen, a halogen compoundl (ofther than 

the oirgasiDC titazuum compound) or a mdxture 
tihereioif is further included as a component of 
the catalyst. 

3. A process as claimed in ol'aim 1 or 2 
55 wherein the atomic ratio of aluminum atom 

contained in the oarganoaiuminom oompbund 



two titanium atom contained in the organic 
titamimi compound is within a >rain@e from 1 
to 200 (1<A1/T'ii<200). 

4. A process as cliaimed in daam 3 wherein 60 
said ratio is within a range from 2 130 100 
(2<tAl/Ti<100), 

5. A process as claimed in dadm 2 wherein 
the atomic ratio of tctonium atom coniainedi 

in the oi^anic tkanium compouadl to the 65 
halogen or halogen atom contanied in the 
halogen compound is within a range: of from 
0.01 uo 20 (a01<Ti/Xl<20). 

6. A process as dauned In daim 5 wberdn 
said zatto is wMmi a range from 0.02 to 10 70 
(0.02<Ti/XI<ilO). 

7. A process as cldmed in any one of daims 
!< — 6 -wheredh' the mokr ratio of said diene 
to said gx-ohsQxi m the initial nKnuQoner com- 
position is within a range from lO: 1 to 1 : 100 75 
(lO/l > dkne/olefin> 1 /lOO). 

8. A process as claimed in daim 7 wherein 
said ratio is wAtihm «. range from 5:1 to 1 : 50 
(5/I>diene/olcfin> 1/50). 

9. A process as daimed in any one of 80 
claims 1' — '8 wherein said orgfanoalumumm 
com^xjund and said organic (titanium com- 
pound are mixed! at a itempeotature wslitin 

a range from — 100°'C to +IOOOC. 

10. A process as claimed in daim 9 where- 85 
in said temperature is witihin a range from 
-780C to +50°C. 

111. A 'process as claimed in daim 2, 5 or 
6 wherein said halogen, halogen campotmd 
or a mixture thereof is mixed with the other 90 
catalyst components at a (temperature wiilMa 
a range from —100^ .to H-dOO^C 

12. A process as claimed in daim Ifl wheaiB- 
'itt said temperature is wichta a range horn 
-78°C to +5a°C. • 95 

18^. A process as claimed im any one of 
claims 1^— •12 wheredin the polymerazatLon re^ 
ax:tion iis carried out at a temperature within 
a range from — 100°C to H-li(K)°C. 

14. A process as claimed in daim 13 where- 100 
in said temperature ^ mtSmi a itamge! from 
-78°C to +50°a' 

15. An alternating copol3mier otf a: C5— C12 
conjugated diene and an «^odiBfin> jhaving the 
general fonnub of €Ha*=OEQl ^whereui! R 105 
represents a Q — hydrocaiUbon radical selec- 
ted from alkylf cydoalkyl, aiyl and aralikyl 
radicals. 

16. An kentating copolymer as daamed in 
claim 15 wherein said conjugated diene is 110 
isoprene. 

•l^. An atomadng copolymer as claimed 
ia daim 16 characsterized in diat (a) more than 
85% of isoprone units in' the oopolynier are 
oonnected in '1,4-structure, fb) more idian 75% 115 
■of die isoprene units having l>4-sicniccure are 
connected in oiis-l,4-<3onifiguration and (c) 1,2- 
struDture isoprene units are substantially 
absent from its infra-red spectitum and its 
nuclear magnctiic resonance speccnmi. 120 

18. An alternating copwlymer as claimed' in 
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claijn 15 wherein said oonjugated diene is 

19. An alternating copolymer as claimed in 
claam 18 chai-acterized in that (a) the micro- 

5 smiotgre of petttadicne-ljS imits in the co- 
polymer is essenti^y in 1,4-smsctiJi'e, (b) 
more than 75% of the peatadiene units hav- 
ing lj4-stxucture are connected in tran^l>4- 
canfiguradon and (c) l^-smicture pentadieae 

10 unats axe suibstaanBaHy absent from its infra- 
red spectrum and its nudear msLgpssfdc reson- 
ance spectrum, 

20. A process for prepaiing an alternating 
copolymer of butadiene and an lo-olefin of the 

15 formida CH2=CHR (where R is phenyl, or 
an alkyl radical or a cycloaJkyl radical witih 
up to 8 carbon atoms) by contacting butadieae 
and the aj-olefot in Uquid phase in the prest- 
ence of a Aiee oomponent catalyse comprise 

20 ing an organoaluaDamnni campoimd repre- 
senued by the general f annula AIR V (whqrdn 
R' represent* an alkyl, axyl or cycloalkyl 
radical), an organic titanium oompocmd hav- 
hxga ^ 



25 



40 



Ti— OCR' 



linkage (R'' is as defined above) and having no 
Ti — linkage (X represents halogen) and a 
halogen or Iralogen containing compound- 
21. A process for preparing an altemalmg 

30 copolymer of biitadiene and an oj-okfin of the 
formula CH2=CHR (where R is phenyl, or an 
aikyl racMcal or a cycloalkyl radical with tip 
to 8 carbon atoms) by oontacrting butadiene 
and the a?K>iefin in liquid phase in the pres- 

35 ence of a catalyst comprisdng an oi^ano- 
alrnnimun compound! represented by the 
general fonnula AIR'^ (wherein R' represents 
an alkyl, aa-yl or cycloalkyl i^adical) and an 
(xganic dtanduin comipoimd having an 



O 

X— Ti— O^Ir' 



Linkage (X represents halogen and R' is as 
defined above). 

22. A process as claimed in daim 21 in 
which die catalyst also eamtadns a haloigen 
or a halogen containing compound (other than 

45 the organic titanium oooipobnd). 

23. A process for prepasing; an alteroating 
copolymer of xsoprene and an loi-oleifin of die 
formula CH2=CfTR (where R is phenyl, or 
an aJkyl radical or a cycloalkyl radical vnth 

50 up to 8 carbon atoms) by contaotmg isoprene 
and the lo-olefin in liqmd phase in the pres- 
ence of a tfcree component cataJyst system 
comprisinrg an organoalnmimum compound 
represented by the general foamula AiER'^ 

55 (wherem R' represents an aJkyl, aiyl or cyclo- 
alkyl radical), an organic titamim compound 
having a 



Ti— OCR' 



linkage (R' is as defined above) and hawaog 
no Tiir— X iinkagp: (X rqpreseats haJogeDi) w 
and a hsloigext or halogen cosiiBiiniag coo^ 
pound). . 

24. A process for preparing an atemBtang 
copolymer of isoprenie and an loe-ofefin of the 
formink CHz=CHR (where R is phenyl, or an 65 
alkyl radical or a cydoalkyl radical waidi. np 

to 8 carbon atoms) by oootacting dsoprene 
and the iQ«-olefin in liqudd phase in the pres- 
eoce of a catalyst comprifidng an organo- 
alttminitim compound represented by tte 70 
general formuila AilR% (wherem R' represents 
an laJkyl, aryl or cycloiiailkyl radkial) and an 
Qi^anic titanium compound having 

O 

If 

X— Ti— OCR' 

linkage (X represesote halogen land R' is as 75 
defined aibove)* 

25. A fwocess as daamed in claim 24 in 
yMdb. the cadialysi: also cowtaans a haJogen 
or a halogen cont^nffiog compound (odier 
dim the o«gajMC titanium comfwund). 

26. A procesgi for fwepasmg an ateraafang 
copolymer of l^-pentadiene and an ojodefia 
of the foimuk. CHz^CHR (where R is 
I^enyl, or aaa aJkyi radical or a cydoalkyl 
T^dical wvth up to 8 caibon attxns) by con- » 
tacting 13-pe!qrt2diene andl die lOHoiefin m 
Bqtad phase in tte presence of a diree oom- 
ponent catalyst systiem poraprising an ar^^ao- 
aluminulum campouad rtjpfespnTfd! by the 
general formula AIR', {wh^refei R' represenits ^ 
an alkyl, aryi or cyck^ilkyl radical), am OflEgamc 
ntanium canapound having a 

^ O 

t>-oIr' 

linkage <R' i« as de&ied ?fewe) aid tew^g 
no TtS lia2k«t!8E: (X r^presejitg Wogs©) aod 95 
a halogc© or ^ fbaJpge©: cqpmpmg eofn^woad. 

27. A process for preparijig an ^temat- 
ing copolymer of 1,3-penicadienc and an a- 
olefin by contacting l,3-pentadi)eine and ,the a- 
olefin of the formula CK2=Ce!R (where R 100 
is phenyl, or an alkyl radacai or a cyc]oaikyi 
radical witih njp to 8 carbon atoms) in laqtmd 
phase in the presence of a catalyst compris- 

injg an ott^anoaihrninBum compotaod represen- 
ted by the general formula A1R'» (wbereini R' 105 
represents an^ alkyl, aryl or cydoaikyi iradical) 
and an organic titanium compound having 

II 

X— Tib— OCR' 

linkage <X lepreseats a faalogea and R' is 
a9 defined above). 
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28. A process as daiined dn claiim 27 in 
wMch the catal^^ also oontadns ta Ixalogen 
or a halogen omicaimiig compoanvd (other tihan 
the organic tLtaiMuin cxHnpound). 

5 29. A process for preparing on alteouaitaiig 
copolyiner of an ^ce-oleifui and a coiiijug^'ted 
dime as daomed in daiiisx 1 and! saibstantMly 
as beresntefare desodbed wMi: ^reference to 
and as aJkistra^ in 'ibe fo!regoim<g examples. 

10 30. An altexnating copolymer of on «e-olefin 
and a conjugated diene as claamed in dbaim 15 



and substantially as herednibetfoire described 
wiDh reference to and as itUustratjed in> the 
f oregodirg emmples. 

3'!. An altematiiiig copolymer as HatTmpsfji in 15 
daim 15 wd suibscan'Ciiijly as hereinbefoie 
described wiidi leiference to and as JiLlusamted 
in the aoconspanying duaimngs. 

W. P. THOMPSON & CO., 
12, Chiudi Street, Liveipool, Ul 3 AB, 
dharceGced Patent Agents. 
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